A Last Chance for Getting It Right: Addressing Alternative Conceptions in the Physical Sciences
Wilson J. Gonzalez-Espada, Arkansas Tech University, Russellville, AR T he fact that, despite 12 years of education, even our top college students have partially or completely mistaken ideas about science in general, and physical science in particular, is disturbing but to a certain extent expected. Students have received all sorts of scientific, pseudoscientific, and nonscientific information through their daily experiences, their own environment explorations, their social interactions, media, and formal instruction. As a consequence of their constant constructing, deconstructing, processing, and organizing the received information, college students will have ideas that are not currently supported by the scientific community.
There are a number of labels for this concept, including the terms preconceptions, naïve conceptions, naïve theories, or alternative frameworks. 1 I personally prefer the term "science misconceptions" because it emphasizes an essential characteristic: The ideas conceived by the students are erroneous, produce wrong understandings, and are detrimental to their scientific literacy. This is true regardless of how the conceptions were constructed or received. However, since there seems to be a broad consensus among scholars in physics education promoting the use of the term "alternative conceptions" (apparently emphasizing and validating the idea-construction process over the accuracy of the conceptions), I will use this term throughout this article.
Alternative conceptions have been studied extensively by physics education researchers over the last 25 years. For a thorough review on the topic, I refer readers to the works of Clement 2,3 and Dykstra, 4 just to mention a few. From a practitioner's point of view, I think it is crucial for students to discover and challenge their alternative conceptions if we want them to have an accurate perception of the content and processes of science. However, challenging alternative conceptions is not an easy task. First, unlearning is extremely difficult if the information "makes sense" from the uninformed viewpoint of the student. Also, the strong credibility of media is a stumbling block to overcome. Finally, traditional methods of teaching science are thought to be far from effective in fighting the students' stubborn incorrect prior knowledge.
Here at Arkansas Tech University, a medium-sized public institution, we are using Shipman, Wilson, and Todd 5 as our textbook for the course PHSC 1013: Introduction to Physical Science. This is a required general-education course whose main purposes are to make students analyze science problems, arrive at intelligent and logical conclusions, and increase their scientific literacy. As one of the instructors for this physical science course, I cover a number of topics in physics, chemistry, astronomy, meteorology, and geology. I am aware that my course might be the last chance for my students to become familiar with a number of physical science concepts and theories and to address some of their alternative conceptions in this discipline.
Independent Research Project
During the 2002 spring semester, I required my students to do a special project in which they independently researched their physical science alternative conceptions of interest. The objectives of the project were threefold: (a) to familiarize students with commonly held alternative conceptions associated with physics, chemistry, astronomy, and the Earth sciences; (b) to make students confront themselves with their physical science alternative conceptions and their correct scientific explanations; and (c) to improve the students' research abilities by promoting the use of out-of-class research resources, such as the university library and the Internet.
Students were instructed to select five physical science alternative conceptions from a comprehensive list available at William Beaty's Science Hobbyist webpage. 6 A similar list can be found in Richard Olenick's C 3 P webpage. 7 The selection criterion for their five physical science alternative conceptions was that students should have originally thought that their explanation of the scientific phenomena on that item was right until they read Bill Beaty's list. In the unlikely circumstance that some students could not find five alternative conception items they thought were right, they were instructed to select five items that were the most interesting or intriguing.
Each student wrote a report with an introduction, a body in which the physical science alternative conceptions were presented and analyzed, and a conclusion. In the introduction section, students addressed the following guiding questions: (a) What do you think are alternative conceptions in science? (b) What are the consequences, for you and for society in general, of having physical science alternative conceptions? and (c) Why do you think it is important to challenge your alternative conceptions? The answers to these questions were based both on their own opinions and research done at the library or on the web. By answering the guiding questions, students reflected critically on the origin of their physical science alternative conceptions, why they are problematic in terms of general scientific literacy or science-technology-society issues, and how they could be minimized.
In the body of the report, students answered the following guiding questions for each of the five physical science alternative conceptions: (a) Why do you think people (including yourself ) might not be aware of the correct explanation for the particular alternative conception in science? and (b) What is the correct scientific explanation? Again, the answers to these questions, condensed into one double-spaced page for each alternative conception, were based both on their own opinions and their research. The idea behind these questions was for students to try establishing possible sources of their physical science alternative conceptions and to let students find for themselves (as opposed to the teacher telling them) the accepted scientific explanation.
In the conclusion of the report, students reflected on their work, discussed what they learned from this project, and addressed how useful the project was in dealing with their physical science alternative conceptions. In addition, a list of all the sources of information students cited in the report was required. In terms of assessment, points were given based on (a) quality, relevance, and accuracy of content; (b) depth (quality and quantity) of their research; and (c) organization, neatness, and the following of the guidelines and guiding questions.
Results
Based on their reports (n = 97 students), the top 10 physical science alternative conceptions my students had were (in order of decreasing frequency):
• Seasons are caused by the Earth's changing distance from the Sun.
• Meteors are falling stars.
• God and angels cause thunder and lightning.
• Batteries have "electricity" inside.
• The phases of the Moon are caused by the shadow of the Earth on the Moon.
• The pupil of the eye is a black object or spot on the surface of the eye.
• All metals are attracted to a magnet.
• All stars are the same size (or have the same brightness).
• Continents do not move.
• The Sun will never burn out.
Taking the alternative conceptions on this list as a reference, it is not difficult to theorize how students construct their incorrect science ideas. A combination of common-sense experiences and partially correct scientific information is present in most of them. Take, for example, the first misconception. From our daily experience we know that the closer we are to a heat source, the hotter it is. Shouldn't the Earth's seasons and the Sun's role in them be explained within the same context? The second alternative conception is also informative. At night, most of the celestial objects we see are stars. Why shouldn't an observed bright moving spot (meteoroid) be identified as a star? We can rationalize these and other common alternate conceptions and how they might have been constructed or received. What is indisputable is the necessity to challenge wrong science ideas among all students.
The only negative aspect of this project is the time it takes for me to read the students' reports. If readers are interested in using this idea with their students, try not to make this project an end-of-semester report. My deadline is usually one month before the semester is over. This gives me enough time to provide brief written comments on each report and to provide individual verbal feedback and further explanations if required. After the projects are graded, some general remarks are made during the class. The readers must remember that this is an independent research project. Students must find their alternative conceptions and the literature resources to challenge them.
After a couple of weeks of intensive report reading, it was obvious that students were unaware of the large number of physical science alternative conceptions they have, as suggested in the physics education literature. Students attributed their alternative conceptions to a variety of external sources, although the influence of elementary school teachers, their parents, religion, and the media (cartoons particularly) were the most prevalent. Interestingly, none of them mentioned internal sources, like not understanding completely a scientific explanation in school or the construction of their own alternative conceptions based on a combination of experience, faulty logic, and over generalizations.
Comments
Overall, feedback from the students suggested that they enjoyed researching their own alternate conceptions and learned significantly from this experience. In particular, some students mentioned how puzzled they were when they read Bill Beaty's list for the first time and how interesting the project was because it was different and tailored to each of them. I think a project like this might be a challenging experience for students both at the secondary and postsecondary level.
